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with thin plates to investigate the effects of various infill plates on the structural capacity. 1 Vatansever and Yardimci [17] completed experiments on two SPSWs infilled H-shaped steel frames 2 with semi-rigid joints. Guo et al. [18, 19] presented successively the study of beam-connected 3 SPSWs and corresponding SPSWs infilled rigid concrete-filled steel tube (CFST) frames. Clayton 4 et al. [20, 21] reported a series of cyclic tests to understand the self-centering SPSWs and 5 component behavior, and subsequently Ozcelik and Clayton [22, 23] further studied the strip model 6 and seismic performance of beam-connected SPSWs designed for low-seismic regions. The seismic 7 behavior of beam-connected SPSWs were also studied by Shekastehband et al. [24, 25] . The above 8 mentioned studies showed that the beam-connected SPSWs exhibited significant lateral resistance, 9 energy dissipation and ductility. 10 On the other hand, in order to ensure force transfer between the SPSWs and the boundary 11 members, welded connections are generally used along four or two edges of the SPSWs. However, 12 the thickness of SPSWs is usually between 1 and 6 mm, making the welding difficult to execute 13 on-site with good quality control, and the labor cost for the use of the full welded connections is 14 also very high. Moreover, experimental investigations [5-8, 16, 19 , 20] on the SPSWs which were 15 welded to boundary members found that initial tearing mostly occurred at the welds around the 16 corners of the infill SPSWs. This initial tearing usually propagated along the boundary members, 17 leading to degraded energy dissipation of SPSWs as compared to bolted connections. Using bolted 18 connections has a further advantage in that removing damaged SPSWs is easier. In view of all the 19 above and for fast fabrication and reliable SPSW-boundary member connections, bolted 20 connections may be required in the SPSW systems. 21 For the main frame itself, it is generally recognised that the CFST columns may be used as a 22 good alternative to conventional H-shaped members in terms of withstanding combined high axial 23 load and flexural moment. Thus, there are merits of using CFST columns in SPSW-infilled frames 24 to satisfy the stiffness and strength requirements. 25 In a separate development, a novel blind bolted assembly CFST frame has been proposed [26] [27] [28] [29] 26 amid the drive towards building industrialization and for its excellent seismic performance. In a 1 blind bolted assembly CFST frame, the steel beams are fixed to the circular or square CFST 2 columns by blind bolts and end plates, and the bolts can be fastened from the outside of the hollow 3 section column, as shown in Fig. 1 . Compared with fully welded or web-bolted flange-welded joints, 4 the blind bolted end plate joints avoid the inconvenience of extensive welding while still maintain 5 excellent dissipation and remarkable ductility [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . Previous studies [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] demonstrated that 6 the blind bolted end plate joints showed a semi-rigid feature and provided a reasonable degree of 7 continuity and optimization of the moment distribution in frame structures. However, it should be 8 noted that the lateral stiffness of the blind bolted assembly CFST frames is generally smaller than 9 those of rigid CFST frames, and this poses limitation of their application in high-and super 10 high-rise buildings.
11
At this juncture, it appears to be clear that bringing the SPSWs to blind bolted assembly CFST 12 frames could be a good solution. However, so far there has been little research on this potentially 13 promising topic. Vatansever and Yardimci [17] studied a related topic on the cyclic performance of 14 semi-rigid H-shaped steel frames with beam-connected SPSWs, and Dubina and Dinu [43] and Guo 15 [44, 45] studied the seismic behavior of semi-rigid H-shaped steel frames with fully connected 16 SPSWs. There is currently no direct study on the structural performance of the blind bolted 17 assembly CFST frames with beam-connected SPSW under seismic loading. 18 This study is therefore focused on a novel combination of the blind bolted assembly CFST 19 frames with SPSW infills connected to beams only. The main purpose of the present paper is to 20 investigate the seismic behavior of such a combined frame system under cyclic loading by 21 experimental and theoretical studies. Two single-bay, two-story specimens of the CFST-SPSW In order to evaluate the associated seismic behavior of the new SPSW system, two one-third scale 7 models of two-story, single-bay blind bolted end plate CFST frames with beam-connected SPSWs 8 were designed and tested. Table 1 specimens were designed with larger flexural rigidity (300 × 150 × 6.5 × 9 mm), so that they can 16 provide relatively strong constraint boundary conditions to ensure the SPSWs can make a large 17 amount of contribution to the overall strength and stiffness of this type of system. The steel beams 18 and columns were connected using end plates and blind bolts. Two types of end plate beam-column 19 joints were employed in the experiment, namely extended end plates in the first story and flush end 20 plates in the second story. 21 Self-consolidating concrete mix was filled in the circular or square steel tubular columns after the 22 erection of steel framework. The steel beams with end plates were fastened to circular or square 23 steel tubular columns by blind bolts with hooked extensions into the concrete core, as shown in Fig.   24 1. The hooked extensions were welded to the head of the bolt to resist the bolt heads pulling 25 6 through. 1 In order to investigate the influence of different SPSW-beam connection types, in the first story 2 of both specimens, the infill SPSWs were 1275 mm high, 1760 mm long and 5 mm thick, and they 3 were connected on the upper and lower horizontal edges to beams by 125 × 80 × 8 mm steel angles 4 and M20 high-strength bolts (Fig. 2 (e) and (f) ). On the other hand, in the second story for both 5 specimens, the SPSWs were 1210 mm high, 1760 mm long and 5mm thick, and they were welded 6 to the boundary beams using 8-mm-thick and 120-mm-wide fish plates ( Fig. 2 (f) and (g)). 
Cyclic loading apparatus

8
The test setup is depicted in Fig. 3 . Both specimens were tested under cyclically increasing lateral 9 load while a constant axial load was applied on the CFST columns. Two 2000-kN hydraulic jacks 10 were installed at the upper end of the columns to apply the vertical (axial) loads. An MTS 11 servo-electrical controlled hydraulic actuator with 1000 kN capacity was used to apply in-plane 12 reversed loads to simulate seismic loading. The axial load ratio of the CFST columns was selected 13 as 0.3. The 'Positive Direction' and 'Negative Direction' of displacement and load were illustrated 14 in Fig. 3(a) . 15 The cyclic loading protocol was determined based on ATC-24 guidelines [46] , as shown in Fig. 4 . 16 For the elastic phase three horizontal displacement levels were chosen at 0.25Δ y , 0.5Δ y and 0.7Δ y , 17 respectively, and each level contained two cycles. SPSWs to obtain the strain distribution. A total of 74 strain gauges were employed on each of the 24 specimens. The layout of the strain gauges is illustrated in Fig. 5.   1 
Material properties
2
Steel coupons were tested to determine the yield stress (f y ), ultimate stress (f u ), Young's modulus 3 (E), and elongation at fracture (δ). The results are summarized in Table 2 . The yield and ultimate 4 strength of the Grade 10.9 M20 bolts were found to be 923 N/mm 2 and 1012 N/mm 2 , respectively.
5
The cube compressive strength of concrete was determined from testing standard concrete cubes 6 of 150 × 150 × 150 mm, and the modulus of elasticity was determined from concrete cubes of 150 × 7 150 × 300 mm. Three groups of concrete cubes were tested and each group had three specimens. SPSWs, respectively ( Fig. 7 (a) and (b) ). In addition, the rumbling sound could be heard concrete can also be poured around the CFST column base to further strengthen the column base.
20
On the other hand, if this type of structure system can be designed reasonably, the end plates and 21 SPSWs would undergo larger deformation and even damage after a moderate earthquake, so they 22 may need to be replaced to meet the needs of buildings under the serviceability limit state. 
Load versus top drift hysteretic curves
24
To facilitate a comparison between the seismic behavior of blind bolted assembly CFST frames 25 infilled with beam-connected SPSWs and bare blind bolted CFST frames, the recorded cyclic 26 curves of lateral load versus top drift for all specimens with and without SPSWs are shown in Fig. 8 . 1 The hysteretic curves of specimens without SPSWs were described in Wang et al. [29] . The 2 dimensions of specimens SCF1 and SSF1 are same as specimens CFW1 and SFW1, respectively, in 3 terms of CFST columns, steel beams and blind bolted end plate joints. Meanwhile, the steel and 4 concrete of four specimens were from the same batch.
5
As illustrated in Fig. 8 (a) and (b), the lateral load resistance of both specimens increased with an 6 increase of the lateral drift, while the slope of curves began to decrease and the strength degradation 7 can also be observed at the same loading level. This was mainly attributed to the tension strips and 8 buckling performance. The lateral load-drift curves of specimen CFW1 and SFW1 had little 9 pinching effect as compared to bare specimens, but the blind bolted CFST frames with 10 beam-connected SPSWs still possessed consistent loading resistance and stable energy dissipation.
11
As can be observed from elastic stiffness of the frames can be clearly observed. Table 3 lists the yield load, the maximum determined when load reduces to 85% of the maximum load or when the test was terminated.
6
According to the characteristic points of the skeleton curves, the maximum lateral resistant load 7 of specimen SFW1 was slightly (about 2%) lower than that of specimen CFW1. Comparing to the 8 bare frame counterpart, the circular blind bolted CFST frames CFW1 achieved a maximum lateral 9 resistance which was 94~97% larger than SCF1, while the square blind bolted CFST frame SFW1 10 achieved a maximum lateral resistance which was 41~62% larger than SSF1. These results showed 11 that the presence of the infill SPSWs worked effectively in enhancing the lateral resistance.
12
Meanwhile, the comparison between specimens CFW1and SFW1 indicated that the contribution of 13 column section type to the lateral resistance was negligible, due apparently to the fact that the 14 SPSWs possessed high elastic stiffness making the difference introduced by the column types less 15 significant overall, although the inertia moment of square CFST column is larger than that of 16 circular CFST column at the same width and steel ratio of column section. 
Stiffness degradation
18
Another perspective of the cyclic behavior of the test specimens is provided using stiffness 19 degradation factor (K j ). The stiffness degradation factor (K j ) of a composite structure is expressed as 20 follows [47]:
where P j i is the peak lateral loads at the jth loading cycle; u j i is the corresponding lateral 1 displacements; n is the number of cycles at each displacement level. The displacement ductility ratio (μ) is defined as the ratio of the ultimate (failure) state 5 displacement (Δ f ) to the yield state displacement (Δ y ):
The displacement ductility ratios (μ) of both test specimens are also listed in Table 3 . The 8 ductility is in a range of 2.27 to 2.43. The results also show that the effect of the column section 9 type on ductility ratio was negligible. It should be noted that the specimens could actually continue 10 to undertake further increased displacement, however due to premature welding seam fracture at the 11 base of the CFST columns and the overall instability, the loading process had to be terminated. So 12 the ductility ratios given above may be regarded as representing a lower bound that the new frame 13 system can achieve. In terms of the story drift, its lowest value was 1.94% and this is very close to 14 2%, which is a general elastic-plastic story drift limit for steel building structures in the design for 15 strong earthquakes. the bare frames, whereas it showed little effect on the energy dissipation for the frames infilled with 21 SPSWs. It can be seen that while the energy dissipated is larger at each loading protocol, the 22 ductility of the system is reduced. elements with a uniform loading are used to represent the diagonal tension field of the steel plate. 4 Meanwhile, the strip model could also be used in beam-connected SPSWs. Fig. 13 shows an 5 analytical model for the interaction between a pair of SPSWs and the beam to which the SPSWs are 6 connected. The beam is jointed at both ends to CFST columns through blind bolts and end plates. 
, ( 1) ( 1) 1 2 ( 1) , ( 1) ( 1) 1 0.5 sin (2 ) cos ( ) bolted end plate joints given in Table 5 .
22
In Table 5 , the tensile capacity of the bolt component, F t,j , is controlled by the failure of the steel 23 tubular wall, the end plate or the bolt (Fig. 15) The compressive bearing capacity of the joints, F c,j , is controlled by the steel tubular column wall 10 and steel beam (Fig. 15) 
Check of steel beam
18
The distribution of internal force along the length of the steel beam should be determined to check the beam strength. For the blind bolted end plate CFST frames infilled with beam-connected 1 SPSWs, the moment varied at different locations within the span of a beam, as shown in Fig. 13 .
2
The moment distribution in the beam can be divided into three zones and the moment in each zone 3 can be expressed as follows based on mechanical equilibrium: 
The shear force at the beam end (V bi,l , V bi,r ) in Eq (22) is given as 
Moreover, the axial fore in the beam is obtained as
( 1) 1 ( 1) 1
Note that herein the moment in the beam is defined as positive if it is "sagging", i.e. when the 
Check of CFST column
18
The linear interaction formula has been applied for the capacity checking of CFST columns 19 against failure in terms of section yielding and in-plane instability in accordance with GB50396 and f c are respectively the strength of the CFST column and inner concrete; the cross-sectional 8 shape factor (B and C) and plasticity development factor ( c ) of the CFST column are listed in Table   9 6; is the confinement factor of the CFST column; W sc is the section modulus of the CFST column; 10 r 0 is the equivalent circular radius and it can be obtained based on the principle of equal area for 11 non-circular cross-sections.
12
The check of in-plane instability of CFST column is calculated as Fig. 16 (b) , all exceeded the yield strain of 1717 . 3 The extended and flush end plates, shown in Fig. 16 (c) , also yielded, and this could be understood 4 also by the marked bending deformation in the extended end plates.
5
The strains of the SPSWs, shown in Fig. 16 (d) , illustrated that the first-story SPSWs remained in 6 an elastic state, owing to the bolt slip that occurred between the SPSWs and the boundary beams. On the basis of the principle of mechanical balance, the maximum moments and axial forces at 9 the base of CFST columns can also be calculated, and the results of beam and column checks are 10 shown in Table 10 Note: These photos were taken as the specimen reached the drift of 1.98%. Tables   Table 1. Summary of specimen information   Table 2 . Mechanical properties of steel Table 3 . Summary of test measurement results Table 4 . Restraint coefficient of curved endplates for blind bolted joints Table 5 . Three cases for determining the moment capacity of blind bolted endplate joints Table 6 . The cross-sectional shape factor and plasticity development factor of CFST column Table 7 . Initial stiffness of blind bolted endplate joints for specimen CFW1 and SFW1 Table 8 . Moment capacities of blind bolted endplate joints for specimen CFW1 and SFW1 Table 9 . Beam end moments, shear and axial forces of specimen CFW1 and SFW1 Table 10 . Beam check of specimen CFW1 and SFW1 Table 11 . CFST column check of specimen CFW1 and SFW1 Table 2 . Mechanical properties of steel 
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